The design of Functional Graded Material (FGM) and the visualization relative technology are described briefly in this paper, such as the organization ofthe 3D regular or irregular data ,isoline and the isosurface technique. It is proved that the visualization is used in the design of Functional Graded Material (FGM),which makes the material design is more intuitive and more reasonable.
INTRODUCTION
A Japanese scientist Toshio Hirai firstly put forward the new concept of Functionally Graded Material (FGM) in 1 984.The basic idea of this new conception on material design is that according to concrete requirements, two or more materials with different properties are selected and mixed by changing the materials' composition gradually and continuously, which makes the internal interface disappeared. Then we can obtain the heterogeneous material whose properties and function change gradually correspond to composition and structure, which can decrease the property matching on the combination interface. As we know, the obvious local stress focus can be leaded to due to the sudden change of the material or performance in a component. However, if the materials transit from one side to other side or from a feature to other features gradually, the stress focus can be decreased greatly. The Functionally graded material is composed of two or more kinds of materials with different performances, which leads to the gradual change of part's performances, such as Physical, Mechanical and Thermal Physical parameters.
Take the Ultrasonic Combustion Punch Motor(UCPM) of the space shuttle as an example, the temperature of burning hydrogenated aviation fuel is over 2OOO C which have intense thermal impact to the wall of the fire box. However, the temperature of the other side of the firebox is as low as -2OO C It is clear that average material cannot meet the commands of this working condition because one side of the ftrebox suffers sky-high temperature, on the contrary, the other side endures very low temperature. Thus, scientists have the idea of combining the outstanding performances of metal and ceramic into a part. Whereas, when the metal and ceramic are combined using conventional process, the part will be invalidated or destroyed under great thermal stress because the match of both on the interface is not perfect. But this situation can be changed by using FGM manufacturing technique through which the obvious interface between metal and ceramic will disappear by controlling the composition and microstructure interior of the part changing gradually. The part will possess perfect performances of enduring thermal stress and mechanical stress intensityW.
It is clear that FGM has so perfect performance, a efficient tool must be offered to design this kind of material. It is Second International Conference on Image and Graphics, Wei Sui, Editor, SPIE Vol. 4875 (2002) © 2002 SPIE · 0277-786X/02/$15.00our work. In this paper, the visualization of material dataset is described briefly. If the dataset visualization were used in the process of material design, the change of material interior a part could be displayed on the computer screen. The user can change the composition of material through regulating the color on the screen, which will facilitate the design process. Scientific Visualization research is emphasized in most developed countries and is widely used in many fields, such as medical field as well as geoscience, astrophysics, chemistry, mechanical engineering, non-destructive testing, material design and many other scientific and engineering areas. The most active and attractive subfield of scientific visualization is volume visualization (or Volume Rendering). At present, the dataset is usually defined on a two or three dimensional grid with one or more scalar or vector values.
2.VISUALIZATION PROCESS

Volume Visualization
It is the key aim of dataset visualization that the large number of data obtained from scientific computation or various scientific experiments is transformed into computer image perceived by human being's vision intuitively. The main research direction of dataset visualization is extracting isoline or isosurface, Slicing Rendering (SR) and Direct Volume Rendering (DVR). The attributes distribution on a plane sliced along any direction can be displayed by the Slicing Rendering (SR).The Direction Volume Rendering (DVR) can reveal the whole attributes of dataset on a sheet of image, such as the different structures, different materials and different properties of the whole dataset.
Volumetric Dataset and its Organization
Volumetric Dataset can be obtained from a lot of sources. For example, in medical field computed tomography (CT) or the Magnetic Resonance Imaging (MRI) is used to scan the interior of the body. It is effective for capturing images of bones and dense organs such as the brain and abdominal region. In industrial field, the ultrasonic is used to detect the interior structure of part in condition that the part should not be destroyed. Finite-element analysis or computational fluid dynamics programs are often used to simulate events from nature. If an event is too big, too small, too fast, or too slow to record in nature, it can produce a great deal of datasets. In Hydrodynamics, in geology, in meteorology and in other many fields can also obtain a lot of volumetric datasets.
Because of the variety of sources of volumetric datasets, its size and organization has great discrepancy. According to the special geometry features of the sampled point in volumetric datasets, it can be divided into regular and irregular structure. The regular volumetric dataset is defined such that the sampled points are located in the linear orthogonal grid and the distance between two grid points is equal and arrayed along the Descartes Coordinate (DC) axes. In three dimensional (3D) space, each grid node can be regarded as a cell called Voxel (Volume Cell or Volume Pixel) which is the extension ofthe two dimensional pixel in multidimensional space. And the irregular volumetric dataset is composed of anomalous cells, such as tetrahedron, hexahedron, etc. The attribute values attach to the vertexes of the polyhedron. Furthermore, The irregular volumetric can be divided further into structured and unstructured. The former means the dataset is not very irregular. The later is called scattered dataset. We described them in details as follows121. The features ofthese dataset format are showed in Fig.1. (1). Cartesian: In this case, the volumetric dataset is placed in a Cartesian Coordinate (DC). Each element is equivalent volume cube and arrayed along the axes. The element node can be denoted with (i,j,k), where i, j and k are the number of voxels. 
Visualization Approaches
According to the image formats, the visualization of volumetric dataset is divide into Surface Fitting (SF) and Direct Volume Rendering (DVR). The classification process (isovalue) is used to extract the interested part from the dataset, which have two strategies. One is extracting isoline on a series of two dimensional slices. Then the isolines can be combined into isosurface [3] % material 2 cuboid which contains the object is constructed using the (minx, miny) and (maxx, maxy). The cuboid is divided into voxels using uniform cubes or tetrahedrons or any .
. . Using volume visualization, the volumetric material dataset can be displayed on the computer screen. A initial . Fig.3 where using two kinds of color to represent two different materials. In solid sphere case, the material is changed gradually along a radious, and in the cube case, it is along a cube's diagonal. In Fig 3, 
CONCLUSION
The research on volume visualization and FGM design combination is just in initial stages. The initial experimental results show the feasibility of using volume visualization in FGM design. The future work concentrates on the Direct Volume Rendering (DVR) through which the pixels are endowed with transparency value, which can insight into the interior of the material dataset.
